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FIGURE 2. Intraoperative situs (right thoracoabdominal incision in the
8th intercostal space) showing the diaphragmatic defect with herniated
and nodular right liver and healthy left liver. The herniated colon was al-
ready reduced out of the right side of the chest.
Case Reportsdiaphragmatic hernia discovered in a 24-year-old woman.
Results of imaging and pathologic examination were con-
sistent with a Budd-Chiari syndrome limited to the right
lobe of the liver. Moreover, a 1.1-cm hypervascular lesion
was noted and the left lobe was hypertrophied, suggesting
malfunction of the right lobe. Fortunately, the final patho-
logic examination did not reveal a hepatoma. A reversible
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e22 The Journal of Thoracic and Cardiovascular Surgpreviously in 2 cases of hepatothorax after rupture of the
right diaphragm.4 These patients had their diagnoses
made within 15 months after the trauma, and venous out-
flow returned to normal after reintroduction of the liver
into the abdominal cavity. In our case, the Budd-Chiari syn-
drome was considered to be irreversible as a result of right
hepatic vein thrombosis and the very late presentation. The
surgical indication was based on the radiographic finding of
a hypervascular lesion (possibly a hepatoma) of 1.1 cm and
on the need for repair of the symptomatic diaphragmatic
hernia. We chose a thoracoabdominal approach, and pri-
mary suture closure of the diaphragmatic repair was suffi-
cient, although other surgeons have previously described
prosthetic mesh reinforcement.5
Taken together, this is the first report of hepatothorax
with an irreversible Budd-Chiari syndrome in a patient
with post-traumatic diaphragmatic rupture, treated by right
hepatectomy and primary diaphragmatic repair.References
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504-7.Removal of a large cement embolus from the right pulmonary artery
4 years after kyphoplasty: Consideration of thrombogenicityDagmar Kollmann, MD,a Konrad Hoetzenecker, MD,a Helmut Prosch, MD,b Hendrik J. Ankersmit, MD,a
Clemens Aigner, MD,a Shahrokh Taghavi, MD,a and Walter Klepetko, MD,a Vienna, AustriaPercutaneous kyphoplasty is a minimally invasive proce-
dure that has become a standard treatment for compression
fractures of the spine. According to the literature, leakage of
bone cement into paravertebral venous system occurs in
a high percentage of cases.1 From that point, the cement
can drift toward the right side of the heart and the pulmonary
circulation. Current recommendations include a warfarin
anticoagulant therapeutic regimen for 3 to 6months to avoid
thrombus formation on the cement embolus. Because these
recommendations are solely based on case reports, however,
they do not exceed evidence grade IV according to theery c April 2012
FIGURE 1. A, The chest radiograph showed the incidental finding of a cement embolus projecting over the right lung hilum. B, Workup with computed
tomography revealed a string-formed cement embolus in the right pulmonary artery. C, Gross examination of the removed foreign body showed complete
endothelialized cement embolus without any signs of attached thrombotic material.
Case ReportsOxford criteria for evidence-based medicine.2 On the other
hand, there is clear in vitro evidence that the bone cements in
current use are not thrombogenic.3 Here we report the case
of a patient with a large cement embolus that was removed 4
years after kyphoplasty. No evidence of thrombus formation
was found on the removed foreign body.
CLINICAL SUMMARY
A 35-year-old woman was seen at the outpatient ward
with a chest radiograph showing an L-shaped object projec-
ting over the right hilum (Figure 1, A). A consecutively per-
formed computed tomographic scan revealed a foreign
body localized in the right pulmonary artery. One arm of
the foreign body perforated the vessel wall and was located
mediastinal (Figure 1, B). In addition, millimeter-sized, ra-
diopaque particles were found in the azygos vein. Specific
questioning revealed that the patient had undergone a ky-
phoplasty procedure with polymethylmethacrylate bone ce-
ment to treat 4 vertebral compression fractures (T5, T7, T8,
T10) that had occurred after extensive horseback riding 4
years earlier. The foreign body had the same pattern of ra-
diation absorption as the bone cement used for the fixation
of the vertebral fractures. The patient reported constant pain
in her spine since the accident leading to the kyphoplasty;
otherwise, she was free of comorbidities. Because the
thrombogenicity of polymethylmethacrylate embolization
to pulmonary vessels is still under discussion and the patient
insisted that the foreign body be removed surgically, we of-
fered the patient operative treatment. A median sternotomy
was performed, the right pulmonary artery was opened lon-
gitudinally under cardiopulmonary bypass, and the intra-
vasal part of the foreign body was completely removed.
Gross examination revealed a solid gray string about 25
mm long. The surface of the cement embolus was covered
with neointima, and no signs of attached thrombotic mate-
rial could be found (Figure 1, C). The postoperative course
was uneventful, and the patient could be discharged 5 days
after the operation.The Journal of Thoracic and CaDISCUSSION
Cement embolization to the pulmonary artery through
leakage of insufficiently polymerized polymethylmethacry-
late into paravertebral veins is a common finding after per-
cutaneous kyphoplasty.1 In most cases, the embolization is
asymptomatic; however, cases of right ventricular perfora-
tion have been described in the literature.4 Although pulmo-
nary cement embolism is common, there is still no clear
treatment strategy, mainly because of the poor quality of
published case series. There is sufficient evidence that
acrylic bone cement is not thrombogenic in vitro. In 1 study,
not only did polymerized bone cement not induce platelet
aggregation as measured with light transmission aggregom-
etry, the liquid components of polymethylmethacrylate
even prolonged the partial thromboplastin time.3 Despite
this finding, a warfarin anticoagulation therapeutic regimen
for 3 to 6 months is currently recommended.2
This case report gives important information on the
thrombogenicity of polymethylmethacrylate in vivo. Even
4 years after embolization to the pulmonary artery, the re-
moved cement piece did not show any signs of thrombus for-
mation on its surface, although the patient had not received
anticoagulants. Our finding is in contrast to a case report of
Lim and colleagues,5 who found a thrombus in the right
atrium next to 2 polymethylmethacrylate strings. In that
case, however, gross examination showed no attachment of
thrombus to the cement. In our opinion, the thrombus may
have been indirectly caused by generation of a turbulent
flow rather than by direct thrombogenicity of the material.
We therefore conclude that a polymethylmethacrylate
embolus located in large pulmonary vessels might not ne-
cessitate anticoagulation; however, patients could benefit
from a coumarin therapeutic regimen if the right atrium is
involved. According to the guidelines, surgical removal of
the cement embolus should be performed in patients with
a symptomatic central embolism. A prospective clinical
trial is required to address the issue of anticoagulation at
a higher level of evidence.rdiovascular Surgery c Volume 143, Number 4 e23
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of the literature. Eur Spine J. 2009;18:1257-65.TABLE 1. Clinical characteristics and hemodynamic data of the patients
Patient
no. Sex Diagnosis
Fontan Death
Age (y) Type Age (y) Cause
1 F SV 9 APC 20 HF
2 M SV 16 LT 18 FF
3 F PAIVS 8 APC 13 FF
4 M SV 8 APC 15 FF
5 F DORV 3 LT 13 HF
6 M SV 3 LT 4 Inf
7 M SV 3 LT 3 FF
8 F DORV 2 ECC 3 HF
9 F TA 7 APC 16 SD
10 M SV 4 ECC 7 SD
MPAP, Mean pulmonary arterial pressure; TPG, transpulmonary gradient; PVR, pulmonar
single ventricle; APC, atriopulmonary connection; HF, heart failure; LT, lateral tunnel; F
double-outlet right ventricle; Inf, infection; NA, not available; ECC, extracardiac conduit;
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tebroplasty. Anesth Analg. 2007;104:924-6.Attenuation of bone morphogenetic protein receptor type 2
expression in the pulmonary arteries of patients with failed Fontan
circulationHidekazu Ishida, MD, Shigetoyo Kogaki, MD, Kunihiko Takahashi, MD, PhD, and
Keiichi Ozono, MD, PhD, Osaka, JapanThe Fontan procedure is a standard treatment for complex
congenital heart defects when biventricular repair cannot
be performed. Although the outcomes of the Fontan proce-
dure have been improved recently, some patients still have
failure of the Fontan circulation, with consequences such as
exercise intolerance, protein-losing enteropathy, and plastic
bronchitis, which is at least partially attributable to highpulmonary vascular resistance. We previously reported
that endothelin-1 and its receptors were overexpressed in
the pulmonary arteries of patients with failed Fontan circu-
lation1; however, the pathobiology of pulmonary arterial re-
modeling in these patients remains unclear.
Because heterozygous mutations in bone morphogenetic
protein receptor type 2 (BMPR2) have been identified in pa-
tients with familial and idiopathic pulmonary arterial hyper-
tension, bone morphogenetic protein (BMP) and its signal
transduction were thought to be critical in pulmonary
arterial hypertension pathogenesis.2 Bone morphogenetic
protein signaling plays a pivotal role in regulating cell pro-
liferation, differentiation, and apoptosis. Impairment of
BMPR2 function thus may cause pulmonary vascular re-
modeling and increase pulmonary vascular resistance. Pre-
vious studies have shown that reduced BMPR2 expression
is also associated with secondary pulmonary arterial hyper-
tension. Our study is the first to demonstrate attenuation ofMPAP (mm Hg) TPG (mm Hg) PVR (U/m2)
Pre Post Pre Post Pre Post
12 11 6 3 1.0 2.3
13 26 5 14 1.6 3.8
12 16 6 7 0.9 3.6
9 13 5 9 1.2 3.8
15 22 4 5 3.0 3.1
10 15 6 5 2.0 NA
14 18 6 16 1.4 NA
18 13 5 4 2.2 1.9
11 NA 5 NA 1.0 NA
10 9 7 5 0.8 2.6
y vascular resistance; Pre, before Fontan operation; Post, after Fontan operation; SV,
F, Fontan failure; PAIVS, pulmonary atresia with intact ventricular septum; DORV,
TA, tricuspid atresia; SD, sudden cardiac death.
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